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Where appropriate, questions must be answered with the correct number of 
significant figures and the correct units. 

In all chemical equations the physical states of each chemical species (s, J, g, aq) 
must be shown. 


QUESTION 1 . | (10 marks) 
Write the formula or the name of the following compounds, as appropriate, and calculate 


theit molar mass. 


QUESTION 2 (6 marks) 


The compound cholesterol has the chemical formula C27H460. 


(a) How many moles of cholesterol are in a 2.000 g sample of cholesterol? 


(b) How many moles of hydrogen would be in a 2.000 g sample of cholesterol? 


(c) How many hydrogen atoms would be present in a 2.000 g sample of cholesterol? 
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QUESTION 3 - | (S marks) 
Write the balanced molecular equations for each of the following chemical reactions. 
You will need to decide on the formulas and phases of the reactants and products in each 


of the cases. 


Reaction Balanced molecular equation 


An aqueous solution 
of sodium hydroxide 
is mixed with an 
aqueous solution of 
acetic acid 


An aqueous solution 
of aluminium sulfate 
is mixed with an 
aqueous solution of 
barium nitrate. 


An aqueous solution 
of manganese (IT) 
nitrate is mixed with 
an aqueous solution of 
potassium hydroxide 
Hydrogen gas reacts 
with nitrogen gas to 
produce gaseous 
ammonia 


QUESTION 4 (7 marks) 
Nicotine has a percent composition of 74.0% C, 8.70%H and 17.3%N 


(a) Determine the empirical formula for nicotine 


(b) Determine the molecular formula for nicotine (molar mass of nicotine is 162 g/mol) 
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QUESTION 5 | (8 marks) 
Solutions of sodium hypochlorite, NaClO, are sold as laundry bleach. This bleaching 
agent can be produced according to the following equation: 


-2NaOH (aq) + Ch (g) — NaCl (aq) + NaClO (aq) + H20 (1) 


75.0 g of aqueous NaOH is reacted with 50.06 g of gaseous Cl). Identify the limiting 
reactant and calculate how many moles of NaClO are produced and hence the mass of 
NaClO produced. 


Limiting reactant: 
Moles of the NaClO (aq) product: _ Mass of the NaClO product: 
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QUESTION 6 


(6 marks) 
(a) Write the electron configurations for the elements sodium and phosphorus 


Element Full electron Condensed electron 
| configuration configuration 


Sodium, Na 


Phosphorus, P 


QUESTION 7 (4 marks) 


Indicate which particle in each pair has the largest atomic radius? 
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QUESTIONS _ (6 marks) 
For the nitrogen trifluoride molecule, NF3 


a) calculate the total number of valence electrons 


b) draw the Lewis structure ( assuming all atoms obey the octet rule) 


Cc) name the molecular geometry around the central atom. 


* Note that nitrogen is the central atom in this molecule. 


(a) Total number of | 


valence electrons 


(b) Lewis structure 


(c) Name of the 


Molecular Geometry 


around the central 


atom 
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QUESTION 9 (6 marks) 


(a) Define the term "dipole moment"? 


(b) Based on the table of electronegativities given below : 


(1) calculate the electronegativity difference of each bond and 
(i) classify each bond as either non-polar covalent, polar covalent or 
ionic. 


Table  Electronegativity values for selected elements 


(i) Electronegativity 


difference between 


bonded atoms 
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QUESTION 10 | (8 marks) 
Magnesium metal is reacted with hydrochloric acid in a reaction that produces 
hydrogen gas and a salt. The hydrogen gas produced in the reaction is collected 


over water as shown in the figure below. 


Magnesium 
soil 


Water 


Image from “Introductory Chemistry” Zumdahl/Decoste 


(a) Write a balanced chemical equation for this process. 


(b) The hydrogen gas produced is collected over water at 22.0 °C. The resultant 
mixture of H, (g) and water vapour (gaseous water) has a volume of 23.2 mL and 
a total pressure of 387.6 mmHg. 
Given that the vapour pressure of water at 22.0 °C is 19.83 mmHg. 
Calculate the partial pressure, in atm, of H (g) in the mixture of gases collected. 


Question 10 continued on next page 
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QUESTION 10 ( Continued) 


(c) Calculate the number of moles of Hp gas present in the mixture of gases collected. 


QUESTION [1 (4 marks) 


Calculate the quantity of heat required to raise the temperature of 100.55 g of water from 
28.15 °C to 48.85 °C. | 
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QUESTION 12 (8 marks) 
2.870 g of potassium dichromate, KyCr2.07 (molecular weight = 294.2 g/mol) is dissolved 
‘1.2 250.00 mL volumetric flask. The volume is carefully made up to the mark with 
distilled water. The stopper is replaced and the solution mixed until all the potassium 


dichromate is dissolved. 


“mar Ke 9 
_ (calibration » 
marke © 


i ra suntan nemnaanng aipigie eipeesvapagng poptpenetetadeg C eceveepopie FAL g TEREEEE AGE gone ngusarstene Ee sie Ce a Saidpaatinanneats ~ Fe saenmtatutacnenate ner anata eeteeneee nanan Qa EMO ATURE RNa aR A RNR ee 
Put a weighed amount of a Dissolve the solid in the water by Add more water (with gentle swirling) 
substance {the solute) into the gently swirling the flask (with the until the level of the solution just reaches 
volumetric flask, and add a small stopper in place). the mark etched on the neck of the flask. 
quantity of water. Then mix the solution thoroughly by 


inverting the flask several times. 


Image from “Introductory Chemistry” Zumdahl/Decoste 


(a) Calculate the molarity of the potassium dichromate solution. 


10.00 mL of the potassium dichromate solution made up in part (a) is added to a 
250.00 mL volumetric flask and made up to the mark with distilled water. 


The stopper is replaced and the solution completely mixed. 


(b) Calculate the new concentration of the potassium dichromate solution. 
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QUESTION 13 (5 marks) 
A sample of KIRKS lemonade is found to have a pH of 3.12. Calculate the hydronium 


ion concentration and the hydroxide ion concentration for the lemonade sample and state 
whether it is acidic or basic. 


Pe ee 
The sample of lemonade is : | 


QUESTION 14 (4 marks) 


For the following system, at a certain temperature, 


PCI; (g) + Ch (g) ==> PCI; (g) 


the concentrations of the species at equilibrium are found to be: 


[PC] = 9.0x 107M 
[Ch] = 0.11M 
[PCIs] = 5.3x10°M 


Calculate the value of the equilibrium constant K from the data given 


| 1] 
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QUESTION I5 (8 marks) 


Answer this question based on the following redox equation 


C0203 (s) + 3CO(”) > 2Co (s) + 3CO2(g) 


a) Specify the oxidation state (oxidation number) of each species 


are SR 
es 
rns 
a | 
anes 


and 


Co in (C0203 (s) ) 


O in (C0203 (s) ) 


b) Identify the oxidizing and reducing agents. 


Oxidizing agent 


Reducing agent 
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THE PERIODIC TABLE AND THE DATA SHEET 
ARE ON PAGES 17 AND 18 and can be detached for ease of use 


PLEASE REMEMBER 


This examination question paper MUST BE HANDED IN, Failure to do so may result in 


| the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has 
been returned. 


Pages 14-18 can be detached for ease of use 
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Periodic Table from” SI Chemical Data Book” Aylward and Finlay 


17 


CHEM123 Trimester 1, 2014 


CHEM123 Data Sheet 


Avogadro’s constant, 6.022 x 10” mol! 
IN Aon aecnenee teach iacieneenta ena eadaes 
Ideal Gas: Constant sR ii ccciviraecadon tea eacntecteceonsadaass 0.08206 L atm K * mol” 
Volume of 1 mole ideal gas: at 1 atm and 
at O°C (273.15 K )...ccccecceeceeceuceuees 22.41 
at 25°C (298.15 KK)... cceceeeeceeeeuees 24.5 L 
lonisation constant for water at 25°C (298.15 K_), Ky... 1.0x 10" 
Specific heat capacity of water............ccccce cece ee ee ees 4.184 J gt °C” 
OCS GUY a sactunnse doc tuieataatacanmiieaasainceuiedneptcsieedncies 273.15 K 
1 atmosphere pressure............. median Seedaniesee eon asec 760 mmHg 


pou useful formulae 
Ideal Gas Law PV = nRT 
Number of moles = mass in grams M= Sno moles of solute 

molar mass volume of solution in litres 

Equilibrium expression 
oH = —loe (11 aA + bB == cC + dD, K= [C]°[D]* / [A]? ‘BrP 
pOH = —log[OH | Oxidation is loss of aceon: 
pH + pOH = 14.00 Reduction is gain of electrons 


K, =10" =[H" [OH] Mass number = number of protons + number of neutrons 


la _ General Rules for Solubility of tonic Compounds Gan) in Water at 25 °C ee EES Eee Ea 
a Most nitrate (NO; ) salts are ‘soluble. : fed . eS ee ao ae ee ee eee 
i Most salts of Nat, Kt, and NAY? are > soluble. ae ae ee ee 


a Most sulfate salts are soluble, ‘Notable exceptions are BasO,, PbsOy, and CaSOy. = ee eee 
: . Most. hydroxide compounds are only slightly soluble. ‘The ponent exceptions are NaOH. and KOHL, BOM), ‘ 
and Ca(OH), are only moderately. sOlUbles 2 ieee eee a 
2 Most sulfide a) carbonate (Coy De and 4 phomhate 0, 2 salts are only sighlys soluble* + . ee 


| T. Tables 7 1 ‘and 5.4 from tharradwesory Chemistry” Zumdahl / Decoste 
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